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We studied the interaction of sera from residents of an area in northern Peru where vivax malaria is endemic
with four recombinant PN A-derived circumsporozoite (C8S) proteins of Plasmodium vivax, 'The antigens used
in the enzyme-tinked immunosorhent assay included one Escherichia coli-produced and three Saccharomyces
cerevisiae-produced recombinant proteins. Three of theproteins (NS1,, V20, Vivax-1, and Vivax-2) contain the
entire central repeat region of the . vivax CS protein, and one protein (Vivax-3) contains only two repeat
sequences, Vivax-1, Vivax-2, and Vivax-3 contain different lengths of sequences flanking the repeats. A higher
percentage of the sera b .d antibodies to Vivax-2 and Vivax-3, the two proteins containing the longest nonrepeat
sequences., than to NS EV20 or Vivax-1. Children less than 5 vears of age did not have immunogiobulin G
antibodies to NS5, V20; however, they had antibodies to Vivax-1, Vivax-2, and Vivax-3. The finding that
individuals living in a malariaZendemic arca produce antibodies to peptides containing nonrepeat regions of the
CS protein emphasizes the need to characterize the immune response to these regions in naturally exposed and

experimentally immunized Ilum;ms.r
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TABLE 1. Positive IgG untibody responses 1o four antigens
representing the P, wivax CS protein

% Positive responses
Age (yn Nov tested

NS V0 Vivaxl  Vivax? | Vivaed

14 44 0 Y 14 21
.89 73 in 12 12 20
10-15 63 10 10 19 28
16 131 24 2 27 19
Total 311 16 15 20 21

lence of IgG antibodies to all proteins except Vivax-3. None
of the children 4 years of age and younger had IgG antibodics
to NS1,,V20, whercas they did have antibodies to Vivax-1.
Vivax-2, and Vivax-3. Overall, a higher percentage of the
serum samples had antibodies to Vivax-2 and Vivax-3 than
to NS1,,V20 or Vivax-1. Only 3% of the samples had
antibodies to all four proteins. Four percent of the samples
had antibodies to the three proteins containing the complete
repeat region but did not have antibodies to Vivax-3. Sixty
percent of the sumples with antibodies to Vivax-3 also had
antibodies to at least one of the other three proteins.

To determine the specificity of the antibody reactions.
selected serum samples were tested in an inhibition ELISA.

Serum samples diluted 1:100 were incubated with 40 pg of

cither Vivax-1, Vivax-3, or NS1,,V20 per ml or with block-
ing buffer for 2 h at 37°C. Vivax-2 was not tested in this
assay. Antibody levels to each recombinant CS protein were

~determined in the preincubated serum samples with an

ELISA. The percentage ot inhibition of binding by cach
protcin was cuiculated as the mean OD of serum samples
preincubated with a protein divided by the mean OD of
triplicate serum samp'es preincubated with blocking buifer .
Jqultiplied by 100. The results of these assays are shown in

FABLE 2 Infubition of binding of serum 1gGoantidodies te
homologous and heterologous wntigen

Antibodies sn Seruin Anfigen “: Inhibition by
TR et used in — e
ST e o ELISA  Veead ! Viand NSIA
Vivav-3 only HEPIS6  Vivan-3 & 100 .
HEPLOST  Vivas-d 1 94
Vivan-1, -2 aad . HEPIO62  Vivix-d Wy Yy .
-3 only) Vivax-3 97 97 ;
HEPIO66  Vivax-l ys 7? N
Vivas-3 93 Y6 11
HEPI3RY Vivax-l N2 St Wy
Vivix-3 0 96 "
NS1,, V20 und HEPLOT?  Vivax-l Y HY N
Vivan-1. -2, Vivax-3 i L -
and -3 NS, VI 10 14 Lo
HEPHO4 Vivan-d his ) .
Vivan-3 (B /N
NS, VI e 0
HE PV Vavan “w m 1
Vivayd n N4 “

NS, V20 v it by

NOTES 3%

Table 2. Inhibition was considered significant when it was
45% or greater. Homologous protcins inhibited binding 82 1
1007%.

The reactivity of two serum samples with antibodies only
to Vivax-3 was inhibited by preincubation with the homolo-
gous CS protein but not with heterolegess protein The
reactivity of serum samples positive for Vivax-1 and Vivax-3
was inhibited by preincubation of these sera with either
protein but not with NS1,,V20. In serum samples positive
for all four proteins, binding to NS1,,V20 or Vivax-1 was
inhibited by preincubation with NS1,, V20 or Vivax-1 but not
with Vivux-3: binding to Vivax-3 was inhibited by preincuba-
tion with Vivax-3 and, foi two serum samples to a lesser
extent, by Vivix-1. The observation that NS1,,V20 and, for
some sera. Vivax-1 are unable to inhibit binding to Vivax-3
suggests that these antibodies are directed against epitopes
outside the repeats that are not present in NS1,,V20 or
Vivax-1. Nonrepeat regions are absent from NS1,, V20, and
Vivax-1 contains a shorter nonrepeat sequence than
Vivax-3. It is unlikely that antibodies were directed against a
contaminant present in Vivax-1 or Vivax-3, because serum
samples from individuals with no exposure to malaria did not
have antibodies 1o these proteins.

The results of the present study indicate that individuals
living in a malaria-endemic area produce antibodies to
recombinant proteins containing the repeat and nonrepeat
regions of the CS protein of £, vivax. Data presented here
suggest that at least some of these antibodies were directed
against epitopes in the nonrepeit iegion of the S proiein.
The percentage of individuals with 126 antibodies o Vivax-2
and Vivax-3. the two recombinant CS proteins containing
the longest nonrepeat sequences, was greater than the per-
centage with antibodies to the protein containing only the
repeats INSL, V20 or the protein containing the shortest
nonrepeat sequence (Vivax-1), Children below the age of §
vaurs dad not have IgGantibodies to NS1, V200 however, 9,
Choand 21 of these ehildren had 1eG antibodies to Vivax-l,

a2 and Vivan-3, respectively, The fow presalence of

antibodies 1o NST, V20 could be explained by the possible
presence an our study arcacof variant CS repeats, such as that
reported by Rosenberg et al, (8) for P, vivax from Thailand.
It s unbikely that the antibodies measured in the ELISA
were directed  against o veast contaminant. in Vivax-1.
Vivan-2, and Vivax-3, because serum samples obtained from
individuals with no hivtory of malaria infoction did nohave
antibodies to the veast-derived proteins. Furthermore, in
serum samples with antibodies 10 all four recombinant
proteins, Vivax-3 was unable to inhibit hinding to Vivax-1 or
NSLVI0 (Vivax-2 was not tested), suggesting the presence
of multiple antigenic sites in the repeat region and outside
the repeats in the sequences that are absent from NS1,, V20
und Vivax-1. It is possible that contormational dilferences
existamong the four recombinant proteins and that epitopes
are optimaliy exposed in proteins containing longer non-
CpCat sequences,

Previous studies have demonstrated than the nontepeat
regions of the CS protein of 2. Anowle v are immunogenic
cxperimentally immunized monkeys @9 and rabbits (10),
Recenthy it wisg shown that some mdividuals i malatia-
crdemic areas produce antibodies o reeion 1 et Taoeld
epitopes i the vicinity of region 1 hoae heen adentitied thy
Geotge etal, G who used mice inmanesed wath the peptide
PV-230 and by Naedin ot all (90 whe used clumpansoas
immunized by multiple expostres toothe Baes ot £ v
lected mosgitoes. Repon T was e o b shown to e
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tain an amino acid sequence that promotes the adhesion of
variety of human hematopoietic cell lines (6).

In order to precisely define the epitopes to which the
antibodies in the Peruvian serum samples are directed, it will
be necessary to determine responses to a series of peptides
containing overlapping sequences covering the repeat and
nonrepeal regions. The results of the present study empha-
size the need to further characterize the irnmune response to
the nonrepeat regions in naturally exposed and experimen-
tally immunized humans.

The expert technical assistance of Adolfo Tovar and Marlene
Cachay is acknowledged. We thank SmithKline and French Labo-
ratories for providing the NS1,,V20; lan Bathurst (Chiron Corpora-
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Hyams, Irving Phillips, and Gloria Chauca for assistance in collec-
tion of blood samples.
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